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THE MINIMUM TEMPERATURE AT THE BASE OF THE STRATOSPHERE. 

By W. J.  HUYPHRETR. 

One of the surprises that has come from sounding- 
balloon ilatil is the evidence of a niiiiiniuni temperature 
in the lower portion of the stmtosphere. It has betin 
thought that this recordetl iiiininium is not re.zl--nc:, t 
indeed in the air-but merely tlis effect of an instrunient.nl 
error due to the gradual insolatioiid wwiuiiig of the 
thennograph un&r insuffi&nt, ventilation. Sonic? rev.- 
ords unc1oubteilly haw bceii scriiiusly tiflectocl in this 
niaiiner, and it niay well be concecled that n~iiie obixinod 
in full euiishine is wholly free from temperature errois. 
Neverthejess, such errors are not sufficient to ar:comit in 
full, nor even in lnrge part, €or the ileoided temperatmure 
minima often recorded st aiid nest h o v e  tlic base of tlic 
stratosphere. 

If, however, it be affirmed that. the verticiil tenipcrnture 
didribution in this region is su?Jst,antinllg as slio~vii, 
which the accuiiiqlated records, includiug ni lit record3, 
require, ttien tho ol>1iligatioii is t1ic.pjq assiiniei of espluiii- 
ing how it is mssible for a layer of air to be, so niuch of 
the time, colc I er than the atmosphere either above it or 
below. Such it layer certainly could neither be cstab- 
lished nor inaintained in n nieiliuin so iiearlp honiogetieous 
in composition as the atnios here  b uiiy hiown proc.ess 
of radiation or absorpt.ioii. h e  espLmtion. tlierefore, of 
this minimwii teni eratiire, must be sought in scme dy- 
naniical process. !k or, indeed, is it  far to seck, for its 
nature appears to be indic:uted by tlie fnct that tlic 
miiiiniurn tenipernture in question is essentially :t phe- 
noiiie1ion of the nnticyc:lone, tts is dearly shown in figures 
2 and 3 of the articlc in this REVIEW, pitges 159 and 100, 
on L'Teniperatures, )ressures, and clensities of the Iitmos- 

here at  different 1 evels in the region of northetistern 
Eraiice.11 * 

Now. whatever the origin of the anticyolone, one of its 
csseiitid fc:i.t.iirca is an esteiisive itiovaincnt of air froni 
higher latitwles townrti lower. This air, therefore, be- 
c.:iust: of tho rot,tLtiuii of t,lia ettrth, loses more or less of 
such c.:tstward cc iiiiponent uf its velocity as it niay have 
l i d .  H ~ i c . e  it 1:tgs in its west-to-east flow and thereby 
act.a 2.5 it p:trt,id 1)nrrirr to tlic we3 terlies. These latter. 
iii rising over this hrrier,  attain unwonted heights a id  
oonscqucii tly t,lic topios t laveiu cool tlynamicully to 
ttmpc.ratures 1w10;v that which tvoultl put them in ther- 
m:tl equilibritii1i wi t,h t,Iie ou tgliiii radiation: that is, 

s1101i rtir rutis foiiiwrd it  must produce a t  least three 
effects : kr. j I t  must load that Imrtion of the atniosphrro 
over which it h w s ,  :ant1 thus prc~duce high pressure, with 
desad iug  and tlyii:Lniic.td.ly wnrnied tiir below; (a ) it  
.must, in soin8 i i i e t~ure~ lift and, thus, tlirough the come- 
cliic.iit pressure rc~ttljustiiient,, tlpii::niicdy cool the strat- 
osphrre; andl ( c )  it must estnblisli, and in nr t  itself 

of t,he stratosphere. An esaotly siinilnr effect niay also 
bo prc~duccil, in  Y O I ~ P  cases, by nir on the forward side 
of :I, qwlone, ns ii result of it.s increttsed eastward velocity 
in(1uced by its travel to higher latitudes. 

This ahnnrinnll.y (:old layer obv iwsly is soon warmed 
t.o wine esteiit by r:idihoii, but :I; the intervals between 
aiitir:plonus generally are ciiily few clays, i t  follows that 
the b \wr  portion uf the stmtosphere usually is colder 
t h i i  is the atiiuispherc either nest above or LehV- 
colder hpc.atuse i i f  endless repetitions n t  short intervals of 
dynamic: ex )aiisioiis btiat always chill the topmost over- 

bo1(1w the ~iorni:il tenipcrtiturr of t f ie stmtosphere. As 

c.i.)tist.itutc, tt layer of minimuin trnilwritture zit t P ie bottom 

flow l~cyoiii 1 the limits of therind cquilibriuni. 

WHY THEBE ARE NO CLOUDS IN THE STRATOSPHERE. 

BY w. J. IIUBfPHREYS. 

The very frequent occurrence of cirrus clouds at  and 
inimediately below the base of t,lie stratosphere makes it 
certain that during rnwh of the time the at.niosphere at 
this level is fully saturated. One might, therefore, sup- 
pose that the stratosphere, even if wholly devoid of 
vertical convection, would eventually also become satu- 
rated through long-continued diffusion. But the tem- 
perature of at  least the lowcr portion of this region ofien 
drops 10' C., or more, with no evidence whatever of the 
formation in i t  of even a slight haze. Hence i t  would 
seem (a) that t'he stratosphere is so nearly devoid of con- 
densation nuclei that it, can become two to three fold 
supersaturated without appreciable condensation; or (b) 
that the difference between the amounts of water va or 

and after cooling, - 55" C. and - 65' C., respectively, say, 
is not sufficient to produce a noticeable haze; or (c) that 
the assumption that the stratosphere is even approxi- 
mately saturated is in error. 

It will be convenient to consider these alternatives in 
tlie order given. 

The idea that the absence of clouds in the stratosphere 
ma be owing to the lack of c.ondensat,ion iiudcri appears 

the cosmic, or meteoric, Just always present, it occa- 
sionally contains also vast quantities of volcanic dust, 
and that even at such times i t  develops no clouds. 

.that would produce saturitt.ion at  the temperatures be P ore 

to t3: e rendered untenable I> the fact that in addition to 

To t,est t,lie second of the abovc alteriiativcs-that is, 
whether or not the supposed condensation would pro- 
duce a ;pcrcrptihlc cloud--it is necessary to consider the 
effect o the possible ainount of condensed water vapor 
on visibility. Let the initial teniprrrature of the strato- 
sphere he - 5 5 O  C. and let i t  be temporarily cooled to 
-65" C., a supposition in approximate accord with 
actual occurrences. At - 55" C!. saturation pressure 
(espressed in terms of t,he height of ti balancing column of 
mercury) is 0.015:3 millimeter. At, -65' C. it is 0.0035 
millimeter, and tlie corresponding amounts of water 
vapor per cubic met.er 0.03028 g a m  and 0.00518 gram, 
respectively. Hence on cooling from the higher to the 
lower of t,hese teniperatures there should appear (allow- 
ing for temperature contraction of volume) 0.01525 gram 
of ice crystals per cubic meter. 
t.hat, rougldy, 0.3 wam of fog part.icles per cubic meter 
limits vision to &out 90 meters. If, then, the ice 
crystals were the same size as the fog particles referred 
to the above computed uantity should limit vision to 
less than 3 kilometers. %ut i t  is also known that ice 
crystals formed at  such low temperatures generally are 
much smaller t,han the average fog droplet, and therefore 
a decidedly more restricted vision should be anticipated. 
At any rate, i t  appears quite certain that if the strato- 

Now i t  has been found 

. 1 Wagner, Sitz. der I<. Akad. der Wis. Wlen, 117, p. 1290,1808. 
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sphere were saturated a t  - 55' C.! approsimately its 
average temperature in middle latit,udes, any consitlrr- 
able lowering of its temperature, such as often occurs, 
would produce in i t  a decidecl hme, or cloud, such as, in 
fact, never appears in that region. 

Clearly, therefore, clouds do not form in the strato- 
sphere for the simple and sufficient reason t.liat its rela- 
tire humidity is veTy low. But t.his answer raises the 
further query: Why is this region so very clry ani1 how is 
i t  kept so? 

As there obviously is little or no vcbrCica1 convection in 
the stratosphere i t  follows t,hnt each of i6s gaseous con- 
stituents must be dist,ributed substantidly as i t  would be 
if it alone were present. Assume, t.heii, t h t ,  t,liis region 
begins a t  11 kilometers abore sea level, and that its tern- 
perature is -55' C. Furthermore, let t.liere he satura- 
tion at and immediately below its base. Under these 
assumed conditions what would be the state of humidity 
of the stratosphere '6 

As stated above, saturation pressure a t  -55' C. is 
0.0153 millimeter. Hence, assuming tlie temperature 
of the stratosphere to be the same throughout, it  follows, 
from the hy sometric equation, that, under the action 

stant temperature, its density is directly proport.iona1, 
must decrease with elevation substantially as indicated 
by the broken-line curve of figure 1. That is, even under 
the above-assumed f avordde conditions, t,hc action of 
gravity would, of itself, prevent the stratosphere from 
becoming saturated-the niasimuni possible aniouiits of 
vapor at different elevations being those indicated by 
tlie curve just referred to. 

But suppose this masinium huniiditay of tlie strnto- 
sphere. should be at.tained, what would b o  thc effect! of 
cooling i t  10' C., say, a drop in temperature that. often 
occurs through at  least its lowest several kilonietcrs ? 
To tmswer this question saturntion pressures at, different 
teniprrstures have also been given in figure 1. These 
are nitwked b dots, which, over tbc range taken, niid for 
the i i idicateJecpl spacing of a constanta t.cni eraturc 
tiiffwence, fdl ,  as shown, nearly along the curve ofgravity 
distribution of rapor pressure. A mere inspection of 
this diawam shows, on the basis of the calculation macle 
above, &at under the assumed conditions the staat>osphere 
would develop a dense haze. Hence, the ac.tua1 humidity 
of this region must be f a r  less than even t,he very liniitod 
amount possible under the restriction of gravity. 

As is well known, cluring the passage. of an ant,icyclone 
the lower portion of the stratos@xe generally is con- 
siderably cooled. At each such time, therefore, all vapor 
that might be present in escess of t,hat necessary to pro- 
duce saturation at the current reduced tern erature would 

slowly sift down. A sufficient subsequent increase of 
temperature, such as is also of frequent occurrenco, would 

of gravity, t Y ie pressure of t,he vapor, to which, at con- 

he condensed out in the form of ice spicu 7 es that would 

lend to the rc-cvaporat.ion of these ice c.rJ'stals and permit 
furt,her cliff usion of mater vapor into t-lie sBratosphere 
from lowcr levels. But the nest (never long delayed) 
drop in teniperat,ure would aga.in precipitate t,he esckss 
moisture, and so on indefinitely. And ns trlie falling. of 
icc crystals, though slow, is iiiore rapid than t,he cliff usion 
of water vapor, i t  follows that the stratosphere, even if 
iiiititilly fully sntaurntetl, woulcl soon become escessively 
dry, soon attain and then indefinitely maint.ain a vapor 

VAPi/Q PSF.~SUR/T. NFI 
FIG. l.-l.;r:wity tlistribotioll of water vapor at constant tnnpcraturc. 

tlisf.rihut,ion niore or less closely t,hat indicated by the 
frill linc ciirve of figure. 1, corresponding to n temperature 
of t h  st,rat,osphrrt- of - 6 3 O  C. 

It sp1m1rs. t.lwreforc, t.ha.t t,lie clear. deep blue skies, 
t y i r a l  of :tnt,ic.yvrlones, :Ire owing to the est.remely low 
Iii1niitlit.y tsI t.lic at,r:it.iq)here : a. rondit~ion ninintained 
1)y t!io '*[&I \f-ii\-en '' of t.his rrgion t.hat occur so 
frcyiimt.ly t,lt:it, there Can ncrer he tiny sppreciahle 
ncc~intul:it.i~-~n in it of v:ipor hc.yontl t h t  of snturation 
trt. even I)elow tlic nvcragc of t liese minimum tempera- 
t.ures. 


